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ABSTRACT 

The  US  Army  Engineer  Topographic  Laboratories  are  currently 
Investigating  the  automation  of  the  cartographic  generalisation  and 
displacement  activities.  This  long-tarn  effort  will  be  divided  into 
three  phases:  a  study  phase  for  examining  present  aanual  and  oaaputer- 
asslsted  methods  of  generalisation  and  displacement;  a  research  software 
phase  for  selecting,  testing,  and  modifying  promising  algorithms;  and  a 
production  software  phase.  The  study  phase  was  conducted  by  Zyoor,  Inc. 
and  Interim  results  are  discussed  in  this  paper.  These  include  an 
analysis  of  generalisation  and  displacement  in  the  aanual  compilation 
process  at  the  Defense  Mapping  Agency  Hydrographlc/Topo graphic  Center 
and  a  discussion  of  the  importance  of  understanding  manual  methods  when 
developing  computer-assisted  and  automated  algorithms v 
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INTRODUCTION 

The  Dafanaa  Mapping  Aganay  (DMA)  produeas  napa,  chart* ,  and  digital 
information  for  use  by  the  Armed  Foroea  and  other  national  eeourlty 
operationa  in  the  United  Statea.  It  also  produces  nautioal  charts  for  s 
variety  of  non  military  users .  DMA's  two  main  oentera  provide  mapping 
services  dlreotad  toward  different  military  users.  The  Defense  Napping 
Aganay  Aerampmee  Center  (DMAAC)  oonoentrate*  on  aeronautical  chart*  and 
digital  information  for  aviation  purposes.  The  Defense  Napping  Agency 
Hydrograph io/Topographlo  Canter  (DMIRTC)  primarily  predueea  taetloal 
products  for  the  Army  and  Air  Force,  and  hydrographic  charts  for  tbs 
Navy  aad  olvllian  aar Inara .  taps  and  aaronautloal  charts  produced  by 
DMA  are  created  at  aany  standard  soalee,  locludlng  1:90,000,  1:200,000, 
1:290,000,  1:900,000,  1:1,000,000,  1:2,000,000,  mod  1:9,000,000. 
gydrogrmphio  charts  are  produced  at  a  variety  of  stales. 

Cartographic  license  plays  an  important  rola  in  DMA  aanual  map  and 
chart  production,  beonuoe  the  oartographar  is  permitted  to  adjust, 
exaggerate,  or  omit  features  within  allowable  limits.  As  s  result  of 
this  license,  the  appearance  of  a  asp  or  chart  nay  differ  slightly  if 
oompilad  and  ngraved  by  different  cartographers  or  By  the  same  carto¬ 
grapher  at  different  tiaee.  Cartographic  lioenee  offsets  the  five 
primary  aepplng  teaks:  select  ion,  olsaei  fleet  ion,  generalisation, 
displacement,  and  symbollaation. 


84  04  lg  o»8 


The  OS  Any  Engineer  Topographic  Laboratories  (USAETL)  are  currently 
conducting  a  long-ten  research  effort  for  DMA  directed  at  automating 
two  of  these  tasks,  generalization  and  displacement.  This  represents  a 
departure  from  traditional  research  Into  the  mechanical  processes  such 
as  automated  digitization  and  plotting,  and  transition  to  a  new  area, 
the  quantification  of  subjective  cartographic  thought  processes. 


DEFINITIONS 

Generalization  and  displacement  (See  Figure  1)  are  defined  within 
the  context  of  the  Department  of  Defense  Glossary  of  Mapping.  Charting, 
and  Geodetic  Terms.  4th  Edition.  19^1. 

Generalization  -  Smoothing  the  character  of  features  without 
destroylng(thelr  visible  shape.  Generalization  Increases  as  nap  scale 
decreases . 

Displacement  -  The  horizontal  shift  of  the  plotted  position  of  a 
topographic  feature  from  Its  true  position,  gjused  by  required  adherence 
to  prescribed  line  weights  and  symbol  sizes. 


MHAC8HT 


FI  OWE  1 

Generalization.  An  outline  or  Australia  (A)  Is  simplified  (B)  from  the 
larger  to  the  smaller  scale  portrayal. 

Displacement.  Nonoverlapping  oenterline  data  (C)  overlaps  when 
symbolized  (D) .  Displacement  (E)  resolves  the  conflict. 


The  Department  of  Defense  (DCD)  definition  of  generalization  is 
than  the  definitions  commonly  la  use  In  the  eoademlo  commu¬ 
nity.  Robinson,  Sale,  and  Morrison  define  generalisation  to  Include 
four  elements:  simplification,  class  If  lost  Ion,  symbolization,  and 
Induction.  (Robinson,  Sale,  sad  Morrison,  1978).  Simplification  is  the 
determination  of  the  Important  cheraoterlstlos  of  the  data,  the 
retention  and  poeslble  exaggeration  of  tbeee  Important  characteristics, 


Department  of  Defense  Glossary  of  Mapping  Charting, 
Terms,  4th  Edition,  1981.  P.  65 


and  Oeodetio 


and  the  elimination  of  unwanted  detail.  Thus,  the  Robinson,  Sale,  and 
Morrison  definition  of  generalization  has  a  broader  soope  than  the  000 
definition  and  the  DOD  definition  closely  corresponds  to  their 
definition  of  simplification.  Monaonler  defines  generalization  In  terms 
of  feature  selection,  geometric  smoothing,  and  feature  shifting. 
(Monaonler,  1982)  In  this  case,  geometric  smoothing  closely  corresponds 
to  the  DOD  definition  of  generalization. 


AH  APPROACH  FOR  AUTOMATION 

The  US  Army  Engineer  Topographic  Laboratories  have  adopted  a  three- 
phase  approach  for  the  automation  of  generalization  and  displacement. 
Phase  1  is  a  study  phase  In  which  the  following  subjects  will  be 
analyzed:  t)  DMA  manual  and  automated  techniques,  specifications,  and 
requirements,  2)  non-DMA  algorithms  and  software,  and  3)  potential 
computer-assisted  generalization  and  feature  displacement  algorithms  for 
use  at  DMA.  Phase  2  will  be  the  development  of  research  software  based 
on  the  algorithm  or  algorithms  recommended  in  Phase  1.  Extensive  test 
and  analysis  will  be  performed  on  candidate  algorithms,  enhancements 
made,  and  a  final  algorithm  or  set  of  algorithms  will  be  selected  for 
Inclusion  in  production  software.  Phase  3  will  be  the  development  of 
production  software. 

It  Is  anticipated  that  the  effort  to  develop  line  generalization  and 
feature  displacement  software  will  be  completed  in  the  late  1980s  or 
early  1990s.  Initially  the  software  will  be  interactive  and  computer- 
assisted  rather  than  fully  automated.  The  Phase  1  study  contract  was 
awarded  to  Zyoor,  Inc.,  In  Austin,  Texas,  In  August  1982,  and  completed 
in  January  1984.  Interim  results  of  the  study  phase  relating  to  manual 
methods  and  their  application  to  computer-assisted  methods  are  discussed 
la  the  remainder  of  the  paper. 


MANUAL  COMPILATION  AND  THE  DEFENSE  MAPPING  AGENCY 
HYDROGRAPHI C/TOPOCH APHIC  CENTER 

The  varloua  DMA  centers  are  tasked  with  the  generation  of  a  wide 
variety  of  map  and  chart  products.  The  sources,  required  soales, 
cartographic  projections,  content,  symbology  and  formats  vary  widely 
depending  on  the  final  product.  Thus,  encountering  differing  com¬ 
pilation  procedures  among  facilities  is  to  be  expected.  To  simplify  the 
scope  of  this  discussion,  map  compilation  (See  Figure  2)  at  DMAHTC  of 
1:250,000  Joint  Operations  Graph la  (JOG)  map  sheets  from  a  single 
source,  1:50,000  asp  sheets,  will  he  described  with  specific  emphasis  on 
generalization  end  displacement.  (Note:  Additional  map  and  photo 
sources  would  ha  used  In  actual  production). 

Map  compilation  Is  initiated  by  the  creation  of  a  Nap  Preparation 
Guide  which  outlines  for  a  particular  project  the  unique  requirements 
for  the  product,  guidelines  for  the  horizontal  oontrol,  oartographlo 
transformation,  a  Hat  of  sources  to  ha  used,  and  references  to  the 
required  nap  specification  guidelines  for  the  desired  nap  soala.  The 
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"Defense  Mapping  Agency  Produet  Specifications  for  Joint  Operations 
Graphic  Series  1501  and  Series  1501  Seale  1:250,000,"  Fourth  Edition, 
November  1976,  provides  detailed  Inforaatlon  on  symbology,  accuracy, 
selection  of  features,  minimum  feature  separation,  and  annotation  of  the 
final  product.  Source  materials  in  map  compilation  are  obtained  from 
asps,  photographs  and  textual  materials. 

The  1:50,300  maps  are  used  to  generate  pull-ups.  A  pull-up  is  a 
graphic  enhancement  an  mylar  of  selected  cartographic  features  from  the 
map  source.  For  1:250,000  JOG  sheets,  three  pull-ups  are  created: 
relief,  drainage  and  culture,  and  vegetation.  The  creation  of  a  pull-up 
involves  the  selection  of  features  to  be  depicted,  generalization,  and 
displacement.  The  actual  drawing  is  performed  with  a  variety  of  pens, 
pencils,  and  felt  tipped  markers  with  line  thicknesses  that  approximate 
the  line  tnicknesses  of  the  final  product  when  the  pull-up  is  photo¬ 
graphically  reduced.  Thus,  a  25-mil  traced  line  is  drawn  on  the 
1:50,000  source  pull-up  to  simulate  a  5-mil  line  on  the  1:250,000  final 
product . 

This  drawing  technique  aids  both  the  generalization  and  displacement 
functions.  By  tracing  lines  on  the  source  material  using  a  line  weight 
corresponding  to  the  output  line  weight,  the  cartographer  is  able  to 
smooth  the  representation  of  linear  features.  In  most  cases,  e 
representation  where  the  source  line  falls  within  the  traced  line  is 
acceptable.  Sometimes,  however,  greeter  generalization  is  needed  and 
the  traced  line  mey  deviate  from  the  source  line  if  exaggeration  is 
required  to  adequately  represent  the  line  or  feature  of  a  smaller 
scale.  In  general,  oartographers  are  directed  to  slightly  overcompile 
or  undergenersllze. 

Feature  displacement  is  also  facilitated  in  the  pull-up  creation 
process.  Because  the  traced  lines  are  drawn  to  the  target  width, 
potential  conflicts  within  the  symbolized  data  are  Immediately  apparent. 
Thus,  if  two  parallel  lines  are  oloee  together,  one  line  will  maintain 
its  position  and  the  other  line  will  be  displaced  to  prevent  symbol 
overlap.  Guidelines  on  the  priorities  of  features  are  provided  in  the 
asp  specification  or  auxiliary  guidelines  specific  to  the  particular 
compilation  section.  For  1:250,000  topographic  maps,  drainage  features 
are  the  most  significant  linear  feature.  They  fora  the  skeleton  away 
from  which  all  other  data  Is  displaced.  In  decreasing  order  of 
priority,  other  linear  faatures  Include  railroads,  roads,  power  lines, 
and  contours . 

Once  the  pull-ups  at  1:50,000  are  completed,  they  are  reduced  to  the 
target  scale,  1:250,000,  and  moaaioed  together.  The  photographic 
reduction  produces  the  required  change  of  seels,  while  tbs  mosaiolng  is 
guided  by  gaodetlo  control  on  DIM  projection.  The  latitude  end 
longitude  tlok  marks  are  used  to  eoourately  pises  the  photographically 
reduced  pull-ups.  Approximately  25  1:50,000  map  sheets  are  needed  to 
produce  one  1:250,000  JOG  sheet. 

The  final  nosaloed  document  is  then  used  in  the  engraving  process. 
From  the  aoeeioed  document  s  film  negative  is  produced  for  reproduction 
am  soribeooet .  The  detail  reproduced  on  the  sorlbeooat  is  engraved 
manually  and  may  be  used  to  oremta  the  neoesssry  peelooata  or  open 
window  negatives.  These  peelooata  are  used  for  tinting  arena  of  the 
map.  During  the  production  of  the  scrlbaeost  end  peelooata,  a  lettering 
sheet  and  negative  is  else  produced.  Finally,  composite  nagstlvea  are 
created  for  each,  aeries  of  colors  and  e  color  proof  is  mode  to  verify 
the  registration  and  accuracy  of  tha  M*.  If  no  errors  o soar,  the 


composite  negatives  are  used  to  make  printing  plates  Proa  which  the  maps 
are  lithographed. 

Both  generalization  and  displacement  say  occur  during  the  engraving 
process.  Because  the  pull-ups  can  be  created  by  different  carto¬ 
graphers,  the  amount  of  generalization  say  vary  fros  panel  to  pane] 
within  the  mosaiced  sheet.  An  experienced  engraver  can  modify  this 
information  to  obtain  a  uniform  representative  across  the  map  by  f  rther 
generalizing  line  work  which  is  undergeneralized.  It  is  not  possible, 
however,  to  add  detail  to  line  work  which  has  been  overgeneralized. 

The  engraver  can  also  displace  features.  If  it  is  apparent  on  the 
scribecoat  that  two  or  sore  symbolized  features  will  overlap  when 
scribed  at  the  appropriate  line  weight,  the  engraver  can  shift  the 
positions  of  the  lower  priority  features. 

A  final  check  occurs  at  the  color  proof  stage.  A  cartographer  with 
experience  in  quality  control  reviews  the  map,  Including  problems  as  a 
result  of  generalization  and  displacement.  Corrections  are  usually  made 
at  the  engraving  stage,  but  it  may  be  necessary  to  go  back  to  the  pull- 
up  stage. 


MANUAL  PRINCIPLES  APPLICABLE  TO  AUTOMATED  TECHNIQUES 

Computer-assisted  or  automated  approaches  offer  the  potential  for 
standard  and  consistent  approaches  to  generalization  and  displacement.  A 
number  of  algorithms  exist  at  present,  but  more  refinement  and  sophisti¬ 
cation  is  needed.  Clues  to  guide  development  of  advanced  techniques  may 
be  found  in  map  and  chart  specifications  and  guidelines  as  well  as  from 
conversations  with  cartogaphers .  This  is  not  to  suggest  that  automated 
methods  should  mimic  manual  methods.  Rather,  manual  methods  provide  a 
standard  against  which  automated  methods  can  be  evaluated.  The 
following  cartographic  and  algorithmic  considerations  are  important  for 
principles  developing  software. 

Cartographic  Considerations 

1 .  The  locations  of  features  should  not  change  drastically  during 
generalization  or  dlsolaoemant.  When  generalizing  features,  "the  lines 
should  be  basically  as  unchanged  as  possible  from  their  large  scale 
original  positions,  and  only  altered  as  much  as  is  required  for  the 
legibility #and  clarity  of  the  mmp  and  by  the  oompatlbillty  of  the  map 
elamants."  Attempts  to  address  this  fundamental  issue  have  been  made 
by  many  of  the  existing  automated  algorithms.  (Brophy  1973,  Chrlsman 
1983,  Christ  1978,  Douglas  and  Pusoksr  1973,  Ehrioh  1973,  Gottsohalk 
1971,  Janks  1979,  Saloritaky  1979,  Tobler  1969,  and  Vanloek  and 
Woolnaugh  1975). 

Displacement  by  definition  requires  the  shifting  of  feature 
positions.  A  solution  requires  the  establishment  of  feature  priorities 
and  separation  rules.  This  permits  maintenance  of  high  priority  feature 
positions,  displacement  of  low  priority  features,  and  provides  methods 
for  resolving  conflicts  with  features  of  equal  priority.  Oenersl 


*  Edward  labof,  Cartographic  Relief  Presentation.  (Berlin!  Os  Qrwyter, 
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guidelines  for  priorities  and  displacement  are  provided  in  nap 
specifications,  but  these  do  not  cover  every  potential  displacement 
problem. 

2.  A  feature,  not  a  line,  is  generalized.  Computer-assisted  algorithms 
are  most  often  applied  to  lines  rather  than  features,  especially  in  the 
case  of  geomorpho logical  features.  It  is  easier  to  generalize  a  single 
contour  line  than  to  generalize  a  feature  containing  that  contour  line. 
At  present,  advanced  techniques  for  identifying  coomon  geooorphologlcal 
features  such  as  spurs,  cols,  reentrants,  etc.,  do  not  exist.  The 
development  of  these  identification  algorithms  is  a  necessary 
prerequisite  for  research  into  Intelligent  feature  generalization 
strategies . 

3.  The  association  among  features  must  be  considered  in  generalisation 
and  displacement.  Few  automated  generalization  algorithms  consider  the 
association  of  features  in  the  generalization  process .  In  discussing 
manual  techniques,  Pannekoek  observes,  "Generalization  of  contours 
should  always  be  carried  out  together  with  that  of  the  drainage  system, 
otherwise  it  may  occur  that  05  the  map  a  river  runs  to  one  side  of  its 
valley  or  even  on  the  ridge." 

Simple  algorithms  such  as  removal  of  the  n'th  point  may 
unintentionally  alter  the  topological  relationships  between  features  by 
creating  Intersections  where  none  existed  or  eliminating  existing 
Intersections.  Advanced  algorithms  must  account  for  the  interrela¬ 
tionships  among  features. 

The  association  of  features  is  especially  significant  for  dis¬ 
placement.  A  proposed  solution  must  not  only  Identify  and  resolve  a 
conflict,  but  identify  and  resolve  any  secondary  conflicts  resulting 
from  the  solution  of  the  initial  conflict.  As  an  example,  assume  a 
stream,  road,  and  water  tower  are  adjacent,  the  symbolized  stream  and 
road  overlap,  and  the  stream  maintains  position.  The  displaced  road 
must  be  checked  to  see  if  now  the  road  and  water  tower  oorfliot.  If 
there  is  no  overlap,  the  new  positions  may  be  maintained.  If  there  is 
an  overlap,  additional  displacement  is  needed.  The  limited  research 
into  displacement  (Christ  1979,  Schittenhelm  1963)  is  a  result  of  the 
complex  nature  of  the  problem. 

A.  Differing  classes  of  features  may  require  differing  domreea  of 
generalization.  It  is  often  mistakenly  sasuwart  that  the  same  amount  of 
generalization  nay  be  applied  to  all  features  on  a  nap.  The  amount  of 
generalization  applied  to  any  given  feature  is  dependent  on  the  map's 
purpose.  As  an  example,  drainage  la  generalised  the  leei-t  on  a 
1:250,000  JOG  sheet.  Contours  are  oons i dared  background  information  and 
may  be  generalized  more  exoept  in  the  areas  around  drainage  and  roads. 

5.  In  addition  to  slnpllfloati""  aggUfl  gjjj  relocation  are 
elements  of  generalization.  Generalization  may  be  assumed  to  merely  be 
the  reduction  of  existing  feature  data,  but  this  understates  the 
problem.  The  goal  of  generalization  is  to  develop  a  representative 
pattern  at  the  same  or  a  reduced  scale  and  this  aay  Involve  both 
exaggeration  and  relocation,  for  example,  a  small  spit  of  land 
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containing  an  Important  point  feature  sight  be  exaggerated  on  the  pull- 
up  larger  so  the  spit  and  feature  could  be  retained  on  the  scalier  scale 
map.  Additionally,  a  stress  that  crosses  a  road  a  number  of  tines  In  a 
short  distance  would  be  relocated  to  the  side  on  which  it  predooinantly 
resides,  thus  intentionally  modifying  the  topology  of  the  source 
material.  Both  modification  and  relocation  may  be  necessary  for 
developing  a  comprehensible  cartographic  product. 

Algorithmic  Considerations 

1.  In  the  near  term,  a  computer-assisted  solution  is  more  practical 
than  a  fully  automated  solution.  Due  to  the  complex  nature  of 
generalisation  and  displacement ,  a  fully  automated  solution  may  not  be 
attainable  at  present.  Displacement  has  proved  to  be  a  computationally 
intensive  task  even  when  considering  a  small  number  of  features. 
Generalisation  has  been  peroeived  aa  a  more  tractable  problem,  but  this 
is  due  to  the  failure  to  consider  the  generalisation  of  features  rather 
than  lines,  the  associations  among  features,  and  the  development  of 
representative  patterns  using  exaggeration  and  relocation.  Efforts 
should  be  directed  towards  improving  present  algorithms  and  developing 
advanced  Interactive  edit  techniques  for  resolving  remaining  problems. 
Fully  automated  techniques  may  devalop  with  advances  in  artificial 
intelligence  research. 

2.  A  computer-assisted  solution  should  be  invariant  with  respect  to 
origin,  rotation,  and  sealing.  The  algorithms  addressing  generalization 
and  displacement  should  not  be  significantly  affected  by  the  location  of 
the  first  point  processed,  the  rotation  of  the  figure,  or  the  seeling  of 
the  data.  As  an  example,  a  generalisation  algorithm  which  selects  every 
3rd  point  will  produce  different  representation  of  a  feature  depending 
on  whether  the  first,  second,  or  third  point  is  prooesaed  initially. 

3.  A  coa outer-assisted  solution  should  be  computationally  efficient  yet 
cartographies!!?  acceptable.  This  consideration  is  difficult  to  address 
due  to  the  lack  of  definition  for  e  eartographlcally  aooep table 
solution.  However,  an  algorithm  developed  for  aeronmutioml, 
hydrographic  or  topographic  mapping  must  assume  that  vast  amounts  of 
data  will  be  prooesaed  (l.e.,  up  to  2.*  X  1C9  one  nil  pixels  for  a  40"  X 
60"  hydrographic  chart  in  raster  form).  Elegance  and  accuracy  must  be 
weighed  against  computational  efficiency  and  speed. 

4.  A  oomouter-aaalated  solution  should  be  controlled  by  a  few  aimole 
parameters  which  may  be  easily  understood  by  a  cartographer.  The 

efT active  use  of  aa  algorithm  will  depend  on  the  cartographer's  ability 
to  understand  the  parameters  incorporated  in  the  algorithm  or 
algorithmic  and  the  individual  and  oolleative  effects  of  paranstera  °° 
the  fine!  product. 


CONCLUSION 

The  path  to  fully  automated  generalization  ant  displacement 
techniques  begins  with  an  understanding  of  annual  methods  and  the 
development  of  oomputer-ass Is ted  techniques.  Centralization  algorithms 
exist  at  present,  tut  nore  sophistication  la  needed.  The  besic  elements 
of  feature  displacement  algorithms  need  to  be  addressed  and  teoholqueo 
developed  for  locating  feature  conflicts,  and  resolving  then 
systematically  using  ths  rules  end  biereroblee  from  the  apeolfioations. 
The  OS  Army  Engineer  i  vpwgraphio  Laboratories  hope  to  address  these 
problems  o'er  ths  ns**  ten  years. 
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